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• Where are we falling short in vision 

• Experience identified many generic operations concerns that cause 
status quo 

• OEPSS Study identified alternate concepts that offer major 
reduction in complexity and manpower intensive operations 
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CURRENT OPERATIONS IS SERIAL, TIME 
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PROPULSION SYSTEM FOR ALS 
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BASELINE ALS VEHICLE 
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INTEGRATED" DESIGN INCREASES OPERABILITY 
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INTEGRATED DESIGN ELIMINATES 
COMPONENTS AND INTERFACES 
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INTEGRATED DESIGN INCREASES ROBUSTNESS 

AND COMMONALITY 
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8/4 BOOSTER-CORE CONFIGURATION ACHIEVES 

MAXIMUM COMMONALITY 
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INTEGRATED CONCEPT INCREASES 
RELIABILITY AND ENGINE-OUT CAPABILITY 
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INTEGRATED DESIGN HAS OPERATING MARGIN AND 

"COMPONENT-OUT" CAPABILITY 
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ROBUST TURBOPUMP DESIGN 
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SEPARATE ENGINE HELIUM SUPPLY SYSTEMS 



any leakage and maintenance requirements 




INTEGRATED ENGINE HELIUM SUPPLY SYSTEM 

Pressure Regulator Assy. 



Turbine Spin 


9 - Valves, regulators, filters and sonic nozzle 
1 - Pneumatic Control Assembly (PCA) 

Reduced leakage and maintenance requirements 




THRUST VECTOR CONTROL OPTIONS 
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THRUST VECTOR CONTROL FOR FIXED BOOSTER AND 

GIMBALED CORE* 
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Based on typical ALS trajectory to LEO 
Booster shutdown and separation condition 




ENGINES VS. INTEGRATED SYSTEM 


E 

o 

*-* 

</> 

C/) 

T3 

0 

+-» 

(0 

v. 

o> 

0 

c 


CO 


□ 

SEEEin 

□ □no 

£]□□□□□□ 



t/> 

0 


O) 

c 

LU 

0 

+* 

0 

k. 

0 

Q. 

0 

(/) 


rn irn irn itti irn n^n irn 
□ □□□□□□ 
□ □□□□□□ 
□ □□□□□□ 
□ □□□□□□ 
□ □□□□□□ 
□DOQDOO 


CO 

E 

0 
■*— • 

CO 
G 0 


c 

o 

O 


E 

0 

co 

>% 

CO 

> 

Q. 

Q. 

Z3 

CO 

0 


0 

U) 

c 

0 

JZ 

o 

X 

0 

-4—> 

0 

0 


Q_ 

E 

o 

Q. 

O 

-E 

ZJ 

X 

o 


Cl 

E 

Z3 

Q_ 

O 

_Q 


I 

CM 


O 

0 

0 

C 

0 

0 ) 

0 

0 

O 


0 

JD 

E 

0 

O 
■*— • 
CO 
0 



o 

CO 



Rockwell International 




BOOSTER PROPULSION MODULE RELIABILITY 

Separate Engines vs. Integrated System 
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BOOSTER PROPULSION MODULE SYSTEM COST 

Separate Engines vs. Integrated System 
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Cost factor for regen T/C T/P and HX: 1 .2, 1 .5 and 2.0 
** 500th unit cost 
*** 10% separate; 5% integrated 
Rockwell International Basic STME $2.67M 




BOOSTER PROPULSION MODULE SYSTEM WEIGHT 

Separate Engines vs. Integrated System 
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INTEGRATED PROPULSION MODULE 
IS RELIABLE AND LOW COST 
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INTEGRATED PROPULSION MODULE IS FLEXIBLE 
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INTEGRATED PROPULSION MODULE HAS WIDE 

PAYLOAD RANGE 
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CONCLUSIONS 
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OEPSS CONCERN - LOX TANK POSITION 
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• High propellant transfer pressures required 

• Elevation of LOX tank requires ground pumps for propellant loading 

Other impacts 

• LH 2 tank and intertank structure required to support heavy LOX tank 



ANTIGEYSER LOX TANK AFT PROPULSION SYSTEM 
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Higher total tank set cost may be offset by 
easier fabrication and transportation of 
individual tanks 
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VEHICLE CONTROL IMPACT 
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SUMMARY & RECOMMENDATION 
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Causes and Effects 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

Launch site systems create a "Nightmare" in process scheduling 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

• Concern: OEPSS - 2 

• Hydraulic system for valve actuators and thrust vector control 

• Operational impacts: 
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periods of area clearing and serial operations 

• Potential options for consideration: 

• Electromechanical actuators 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base” 

Concern: OEPSS -3 

• Ocean recovery and refurbishment 
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Robust structures and components that operate at reduced 
performance levels to assure long life and minimum rebuilding; 
"Caterpillar diesels" rather than "Indy 500 racers" 
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"Launch Site Experience Base" 
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• Minimize interfaces 

• Occurs when using minimum number of components 

• Multiple function hardware 

• Use LH 2 tank vent for the tank pressurization line in flight (if needed) 
and for "tank loaded overflow" (instead of tank loading sensors) 
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Integrate total propulsion system - MPS, OMS, RCS 
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Electromechanical actuators 
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Use BIT/BITE for torque/shaft-travel measurements 
Lower speed and turbine-end temperatures 
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Purpose: Install SSME Vertically Into Orbiter or Test Stand 
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"Launch Site Experience Base” 

Concern: OEPSS -15 

• Retractable umbilical carrier plates 
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Lift-off umbilicals - no retraction of plates - separation occurs as vehicle 
moves away. 

Consider simple design and low cost quick disconnect to justify discarding 
after launch versus expensive maintenance procedures 



RETRACTABLE UMBILICALS 
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MAIN PROPULSION SYSTEM 

HELIUM SUBSYSTEM SCHEMATIC 
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OEPSS CONCERNS LIST 

"Launch Site Experience Base" 

• Concern: OEPSS - 17 

• Inert gas purging requirements 

• Operational impacts: 
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• Propellant turbopumps should be designed such as to eliminate the 
requirement for intermediate seal cavity purges--i.e., consider 
separating the pump from the turbine 

• Use propellant gases for propulsion system shutdown purge requirements 
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Direct support, only, success oriented 
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HELIUM SUPPLY PANEL (MLP) 
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• Make vehicle as autonomous as possible to eliminate stage-to-stage 
interfaces 

• Consider "seal-welding" for mandatory separable joints to minimize 
potential leaks 
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"Launch Site Experience Base" 
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diverted to holding bottle for pressure elevation and used at start 

sequence 

Tank head start 

SPGG Start 
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"Launch Site Experience Base” 
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• Utilize slow start sequence to accommodate wider range 
of propellant inlet conditions 
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KSC INTEGRATED CONTROL SCHEDULE 


mm 


iiiiiiiiini iiiiim 


niiimiiiiiiiiiiiiim iiiiin iiniiiimiimniimiiiiHinii 
■■■■■■■ miimmiiiiiuiiiiiiiiimii 


mimuiniDmmnHmn 

imuiniiiiininniiininniiiiiiniiiKii iimiiiiiiiiniiiinniiiitniimHii 
inuiiiiaiiniHniiiiiniiiiiiiiiiiiinij! iiiiiiiiiiih 
nmmi nnn ramtnuiiiiiimiiiiiiini mini 
naniananiiiiuiiiiininiiniiiiiuiii limn 


Iwmninnnmmiiiminniiii 


i mininn immniiiim limit 
iiimiBiiaiininiimiiniinni 


liuinmniminniiiiiHiiiiiiiii 


limn 


limimi iiimmnmiiiumnni 


ilium iimiiiimmiiiuiiiiiiiiiiii 
■miummumiiiiiiiiiiimi! 


uiniimiiiiinn 


m mu 

urn 


■mum 

nnnmini 

innnmiiiiinmiim 


innnii 


inmiiiiiiiiiiiiiimi 
mnn minnimnnHWl 
mmi nnminnminiinniniiiii 
niimmii miimmniimiiimmil 
iimiinimiiiimmiimninnniiii 
■nnimniniiminimnninnii 


nun 

nmi 

huh 

mm 


iimil 

nun 

mu 


nrnniimniiiiniiiiE 

iiimmiimmimniE 


uiimumiimmiim 
niiminiiiiii iiiiiie 
inn minimi mine 

■ ■imimnui mm 
In innum iiiiiifi 
In niiiimi mini 
miiiiiHimiiiinnniiiiv 
■mninmiiiiimiimiil 

■ pmn umiul 
piimiiiiiim 
niimnnmm 


■■in 

iiiiimii 

■ill 


iiiiiniMi 
inmim unmn 
iminmmmi 
mnn i inn 
nniimninin 

HIIIIIIM 


i jns SA 5 DVJI/SDj U 311 03 S 


Birn WHiiln imniim l 


n iiiiiiim 

!!■■ 

Him 


i hA.).. innmiiinhiiihhmimmnniiimininmi 

immiinMMHMMMMMM 


mmi 


iimiinnii 
uimmimi 
mmnmm 
mmAi'MM 
iiunr/imumi 


iniinimm 

iiiinmimn UIHII 

■■■mmi 


III 


mm 


mill 


inmnninii iiih imniiiiiiiimii nirnmiimniii 


■mniiiiiimimmiiimpi 
imiiiimiiiiiiiiiiiimmi iimrani 

fmiiTTiinmftmHmmifflniHfln 


iiimuimii 


imiimmmum 


«en»ssa| 


} 3 K 1 T D»ID 3 B ZH 1 9 iC 0 - JJ- 6 Z -13 U 

, , . l I t , . I • I L : < t ! I ! 1 • ! t ! II II r 


m 


innmini in 
inmnimi in 
i iimpiimi 
■miiilimiin 
lunmmmnni 

miiiiiiiiiiiiiiii 

wmmm 


imnntin 


im 


mi 


liimi 

urnml 
imnnininmiiminni 


unmni 
rnmnil 
imnnim 


nnmi 


mmi 


iron 


imnn 

munn 


mm mm 


inm nmm mnninniiiiHiiiiniiimnii iiimmimi 
gjjnjiMmnn wm 


mimniimiHiiiimiiimi 


innmmuiu 




in mm 

him 


mmimnmiimnnni 


mm 
m 


mnn 

niimi 




mi 


I ■ nmmnmmnnnmnmummiinjpnM 

■snsni 


uimmiininjiHii 

nmmnnnimnm 


Mimiimi 

SmmSl 

i nnmnmmnmi 
i[miimiijiiiii| 


■iniMM 

rniimnimnimnni 
nmnumnwi 
mmmmm 


C 2 r. | 2 . XI | N 0 k|k. 3 S I :vf| Ui | JJKJ 

9 if 33 S TVAObdtJV 3 inQ 3 K 3 S HOJ 

ui SJH er SuiiMfi SuiinDBU^S P E c 
p«A0jfl3y ®B /WlPuiSBy sSpsn 9U*J3 "h/h 


A VO S3 .1* I 6fr-T-{ AYOSW j AVOi^S 

I «Vi KOV3 iO WOllSTdHOD'lHVlS TWO i 3NOH* | 

U9 MVD xoe M30V3T OVrf/M 03iVN»ObOC3 WOM YlV 3iOK 
i«ou<nk)o i koufiviiirwRi imjivu n»i«3 ivr i nu oj'iimo iiw*<w oof' 

^ A0 mm 10JJU03 


jwwd dg| gn sAbb 


'UJ30U03 AiUUJIld D SI 


110 fiuid; 

























OEPSS CONCERNS LIST 

"Launch Site Experience Base” 
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Use residual " propellant gases” for propulsion system shutdown purges 

Explore the use of less expensive gas (gaseous nitrogen) for large 
tankage blanket pressures. 
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• Select valving for interchangeability 

• Modularize fluid regulation/control systems 
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"Launch Site Experience Base" 

Concern: OEPSS -25 

• Side mount booster launch vehicles 
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Anti-geyser, LOX tank aft propulsion concept 
Rocket engine air-augmented afterburning concept 
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Anti-geyser, LOX tank aft propulsion concept 
Rocket engine, air augmented afterburning concept 
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Oxidizer-rich Turbine For LOX Turbopump 
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Hermetically Sealed Inert Engine And Tanks (Prelaunch) 
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COMBINED O 2 /H 2 MPS, OMS, RCS, FUEL CELLS 

THERMAL MANAGEMENT 
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COMBINED Q2/H2 MPS, OMS, RCS, FUEL CELLS 

THERMAL MANAGEMENT 
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COMBINED 02/H2 MPS, OMS, RCS, FUEL CELLS 

THERMAL MANAGEMENT 
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OPERATIONALLY EFFICIENT PROPULSION 
SYSTEM STUDY (OEPSS) 
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OEPSS FOCUSES ON ALS OPERABILITY 
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SHUTTLE GROUND OPERATIONS EFFICIENCIES/ 
TECHNOLOGIES STUDY (SGOE/T) 
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SGOE/T LESSONS LEARNED - THE PROBLEMS 
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Large operational and maintenance headcount 
and material investment 



GROUND OPERATIONS COST DRIVERS 
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VEHICLE CONFIGURATION COST DRIVERS 
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VEHICLE CONFIGURATION COST DRIVERS 
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TEST AND CHECKOUT COST DRIVERS 
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LAUNCH PAD COST DRIVERS 
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Rockwell International 


INTEGRATED CMS VITAL TO EFFICIENT OPERATIONS 
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LESSONS LEARNED YIELD EFFICIENT OPERATIONS 
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• Minimize quantity 

• Simplify operation 

• Promote commonality/multiple use 



INTEGRATION OF PROPULSION SYSTEM 
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Rockwell International 
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OPERATIONAL EFFICIENCY ENHANCED BY 

SIMPLE SYSTEMS 
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OPERATIONAL CONSIDERATIONS STRONG 

DESIGN DRIVER 
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Rockwell International 


GENERIC VEHICLE DESCRIPTION 
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GENERIC VEHICLE DATABASE 
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Hydraulics and APU Processing Duration and Manpower 
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Processing Critical Path Tasks and Duration 
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